Introduction
Influenza viruses are enveloped RNA viruses that infect humans and animals, and cause respiratory complications resulting in high morbidity rates [1] . The preferred treatment for influenza infection are neuraminidase inhibitors (oseltamivir and zanamivir) [2] . However, their use has been limited by sideeffects, and the emergence of resistant viral strains [3, 4] .
Essential oils are known to possess multifunctional properties other than their traditional roles, as various biological agents have been shown to demonstrate antibacterial, anti-fungal, and anti-inflammatory activities [5, 6] .
Several studies have documented antiviral activity of essential oils [7] [8] [9] . Recent studies have demonstrated that eucalyptus essential oil showed inhibitory effects on adenovirus and mumps virus [10] . A previous study showed that the volatile oil from Cynanchum stauntonii possessed direct inhibitory activity against influenza virus [11] .
In this present study, the potential anti-viral properties of 62 essential oils on influenza A/WS/33 virus have been analyzed using the cytopathic effect (CPE) reduction method.
Marjoram (Thymus mastichina L.), clary sage (Salvia sclarea L.) and anise (Pimpinella anisum L.) oils showed anti-influenza A/ WS/33 activity and were phytochemically examined by gas 
Materials and Methods

Materials and cell culture
Essential plant oils (n = 62) were purchased from UNIQ F&F Co., Ltd. (Seoul, Korea) and listed in All other chemicals were of reagent grade. Oseltamivir (F. Hofmann-La Roche Ltd, Switzerland) was purchased from a pharmacy in Korea as prescribed by a traditional Korean doctor.
Antiviral and cytotoxicity assay
Anti-influenza (A/WS/33 virus) activity of essential oils was determined by the CPE reduction method [12] . There were 2 × hours. Thereafter, the medium was aspirated and cells were washed with phosphate buffered saline (PBS). Subsequently, the diluted virus suspension (0.09 mL) containing 50% tissue culture infective dose (TCID 50 ) of the virus, was added to MDCK cells to produce an appropriate CPE within 48 hours after infection. Thereafter, MEM containing essential oils in 100 μg/mL were added to each well. The culture plates were incubated at 37°C in 5% CO 2 for 2 days until 50% CPE was achieved. Subsequently, the 96-well plates were washed once with PBS (100 mL). Ice-cold 70% acetone in water (100 mL) was added to each well and incubated for 30 minutes at -20°C.
After 70% acetone had evaporated, the plates were dried in an oven at 55°C for 30 minutes. The plate was developed using 0.4% (w/v) SRB in 1% acetic acid solution (100 mL) which was added to each well and left to stand for 30 minutes at room temperature. The excess SRB solution was removed by washing the plates 5 times with 1% acetic acid in water, then the plate was dried at 55°C. Bound SRB was then solubilized with 10 
Gas chromatography-mass spectrometry
The oils (marjoram, clary sage and anise) were analyzed further on a gas chromatograph (Agilent 6890N 
Results
Marjoram, clary sage and anise oils possess anti-influenza A/WS/33 virus activity
Anti-influenza (A/WS/33 virus) activity of all essential oils were investigated. Eleven essential oils amongst the 62 essential oils tested possessed antiviral activity of > 30% and did not show cytotoxicity at a concentration of 100 μg/mL ( Figure 1A ). There were 3 oils (marjoram, clary sage and anise oils) that exhibited a higher anti-influenza activity (> 52%) than oseltamivir, with no cytotoxicity at a concentration of 100 μg/mL. However, oseltamivir showed cytotoxicity at this concentration ( Figure 1B ).
Marjoram, clary sage and anise oils reduce anti-influenza A/ WS/33 virus-induced morphological changes
The effects of essential oils on influenza A/WS/33 virus- virus-infected MDCK cell resulted in a small reduction in CPE ( Figure 2D) . Thus, the CPE of the virus infection was shown to be prevented by the presence of the essential oils.
Chemical compositions of the marjoram, clary sage and anise oils
The chemical compositions of marjoram, clary sage and anise essential oils are shown in Tables 2 to 4 . A total of 10 compounds were identified in marjoram oil by GC and GC-MS analysis ( Table 2) . Among the identified compounds, 1,8-cineole (64.61%) was the most abundant compound followed by linalool (15.28%) and β-pinene (5.81%; Table 2 ). The chemical compositions of clary sage oil showed linalayl acetate (61.16%)
to be the highest concentration, followed by linalool (22.06%) Figure 1 . Antiviral activity of essential oils on influenza A/WS/33 virus. Virus suspension and media containing essential oil (100 μg/mL) were added to the cells. After incubation 2 days, antiviral activity was investigated using the CPE reduction assay.
Results are presented as the mean percentage values obtained from 3 independent experiments carried out in triplicate ± SD. 
Discussion
Many antiviral compounds have been developed against the influenza virus, the long-term efficacy of which is often limited due to toxicity or the emergence of drug-resistant virus mutants [14] . Hence, new approaches for the control of highly pathogenic influenza viruses must be explored.
Previous studies showed antiviral activity of essential oils against DNA viruses such as herpes simplex virus [7, 8] .
Ocimum basilicum (OB), also known as sweet basil, showed antiviral activities against DNA viruses (herpes viruses (HSV), adenoviruses (ADV) and hepatitis B virus and RNA viruses (coxsackievirus B1 (CVB1) and enterovirus 71 (EV71). Apigenin, linalool and ursolic acid isolated from crude aqueous and ethanolic extracts of OB, exhibited a broad spectrum of antiviral activity against these viruses [15] .
In this work, marjoram, clary sage and anise oils exhibited 
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